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Preparation of conidial suspensions
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Removal of M. anisopliae conidia attached to
the surface of termites with or without
antennae
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Removal of M. anisopliae conidia attached to
the body surface of termites with or without
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Table 2. AA.05:2;A.;1=2?@6@A2;02<3 M. anisopliae 0<;616.<;0BA6092<3A52A2?:6A2@D6A5	D6A5<BA
.;A2;;.2'2@B9A@<3&<6@@<;?24?2@@6<;
Parameter DF Estimate Standard Error Wald 96% confident limits "2 Pr > "2











































































Table 3. AA.05:2;A.;1=2?@6@A2;02<3 M. anisopliae 0<;616.<;0BA6092<3A52A2?:6A2@D6A5.;A2;;.2
'2@B9A@<3&<6@@<;?24?2@@6<;
Parameter DF Estimate Standard Error Wald 96% confidence limits "2 Pr > "2


















































Table 4. AA.05:2;A.;1=2?@6@A2;02<3 M. anisopliae 0<;616.<;0BA6092<3A52A2?:6A2@D6A5<BA
.;A2;;.2'2@B9A@<3&<6@@<;?24?2@@6<;
Parameter DF Estimate Standard Error Wald 96% confident limits "2 Pr > "2


























































"<B?;.9<3!;@20A(062;02HDDD6;@20A@062;02<?4 16D5B CD9=E<EC 35CC1D9?> 97EB5 
	 +85 B5C@?>C5 D? B.
brongniartii 
 456<53D54 7B14E1<<I 9> E@G1B4 49B53D9?> 9>
D85 9>9D91< @81C5 1>4 16D5B D85 1@@51B1>35 ?6 1 2<E>D @51;
9D 7B14E1<<I 456<53D54 4?G>G1B4	  CE445> 4?G>G1B4
456<53D9?> D85> 1@@51B54 1D CD9=E<EC 35CC1D9?> 97EB5

	
+85 1F5B175  1=@<9DE45C ?6 5138 C?<ED9?> 9C C8?G>
9> 97EB5 	 +85 C D? 5>D?=?@1D8?75>93 6E>79 G5B5
C97>96931>D<I 49665B5>D 9> =17>9DE45 6B?= D85 3?>DB?< B5
C@?>C5	 +85 B5<1D9?> 25DG55> 3?>9491 3?>35>DB1D9?> 1>4
D85  B5C@?>C5 =17>9DE45 G1C 5H1=9>54 6?B M. aniso-
pliae 	 +85 =17>9DE45 ?6 D85  B5C@?>C5 G1C D1;5>
1C D85 F1<E5  C53?>4 16D5B CD9=E<EC ?>C5D	 +85 B5C@?>C5
=17>9DE45 G1C 1<=?CD @B?@?BD9?>1< D? D85 <?71B9D8=93
F1<E5 ?6 3?>9491 3?>35>DB1D9?> 9> D85 B1>75 6B?=  D?

=<	 +85 B5C@?>C5 =17>9DE45C 65<< 9>D?  C97>96931>D<I
49665B5>D 3<1CC5C 25DG55>  1>4  9> D85 +E;5I
#B1=5B *D5CD@	1CC8?G>9> +12<5	
Preference tests
!> 6??4 @B565B5>35 D5CDC 1 69<D5B @1@5B 49C3C G5B5 EC54
3?>D19>9>7  < ?6 	 N 3?>9491
=< 6E>71< CEC@5>
C9?> D? 45D5B=9>5 96 D85 D5B=9D5C C8?G54 1 @B565B5>35 6?B
1>I ?6 D85 D8B55 C@5395C ?6 6E>79 EC9>7 D85 =5D8?4 ?6 '8
=EB1 5D 1<	 
	 ??4 @B565B5>35 G1C =51CEB54 2I
3?>CE=@D9?> B1D5  ?6 D85 69<D5B @1@5B 49C3 3?>D19>9>7
	
 +G55> 
 C?<ED9?> 3?>DB?< F5BCEC 3?>9491< CEC
@5>C9?>C	 +85 B5CE<DC C8?G54 D81D D85 D5B=9D5C 3?>CE=54
=?B5 P. fumosoroseus # 	  D81> D85 ?D85B DG?
6E>79 B. brongniartii 
 	 1>4 M. anisopliae 
		 +85C5 B5CE<DC C8?G D81D D85 D5B=9D5C 31> 49C
3B9=9>1D5 25DG55> D85C5 CEC@5>C9?>C 1D D85 2581F9?B1<
<5F5< 1>4 81F5 49CD9>3D<I 49665B5>D B5C@?>C5C D? D85=
+12<5	
Discussion
+85 25>569D ?6 =EDE1< 7B??=9>7 2581F9?B 1719>CD 49C51C5
CEC35@D929<9DI 81C 255> B5@?BD54 9> C?=5 C@5395C ?6 D5B
=9D5C ?E391C 5D 1<	  )?C5>71EC 1>4 +B1>95<<?

 *89=9JE 1>4 /1=1:9 
 /1>171G1 1>4 *89=
9JE 
	  ?G5F5B D85 3E5C CD9=E<1D9>7 9>9D91D9?> 1>4
3?>D9>E1D9?> ?6 7B??=9>7 2581F9?B B5=19> E>3<51B 9>
=1>I 5EC?391< 9>C53DC 9>3<E49>7 D5B=9D5C	 +8?E78 9D 9C
G5<< ;>?G> D81D =1>I ;9>4C ?6 C?391< 2581F9?BC ?33EB
16D5B 1>D5>>1< 3?>D13DC G9D8 ?>5 1>?D85B 65G @1@5BC
81F5 451<D G9D8 D85 B?<5 ?6 1>D5>>15 9> B5<1D9?> D? 7B??=
9>7 2581F9?B 9> D5B=9D5C	 #B1== 1>4 .5CD 
 9>493
1D54 D81D D5B=9D5C 5H@?C54 D? M. anisopliae 7B??=54 =?B5
5HD5>C9F5<I D81> E>5H@?C54 D5B=9D5C 494 CE775CD9>7 D81D
=EDE1< 7B??=9>7 2581F9?B G1C 9>9D91D54 2I D85 45D53D9?>
?6 6?B597> ?B71>9C=C ?> D859B 2?4I CEB6135	 +85 D5B=9D5C
B5=?F5 3?>9491 1DD13854 D? D859B 2?4I CEB6135 =19><I 2I
=EDE1< 7B??=9>7 /1>171G1 1>4 *89=9JE 
	 +85
D5B=9D5C G9D8?ED 1>D5>>15 1<< 4954 =E38 61CD5B 4E5 D? D85
9>653D9?> ?6 M. anisopliae D81> D85 D5B=9D5 G9D8 1>D5>>15
494 +12<5 	 EBD85B=?B5 D85 D5B=9D5C G9D8?ED 1>D5>
>15 G5B5 49665B5>D 6B?= D85 9>D13D D5B=9D5C 9> 45D19<C ?6
3?>9491 B5=?F1< 1C D85 C9D5 6B?= G8938 D85 3?>9491 G5B5
@B565B5>D91<<I B5=?F54 D85 <5>7D8 ?6 D9=5 4EB9>7 G8938
3?>9491 B5=?F9>7 <1CD54 1>4 D85 F1B91D9?> ?6 B5=?F1<
B1D5	 +1;9>7 1<< D85C5 613DC 9>D? 3?>C945B1D9?> D5B=9D5C B5
=?F5 D85 3?>9491 6B?= D85 2?4I CEB6135 2I =EDE1<
7B??=9>7 D81D 1@@51BC D? @B?D53D D85= 6B?= 3?>9491< 9>
653D9?> 1>4 D85 1>D5>>15 =1I @<1I 9=@?BD1>D B?<5C 9> D85
=EDE1< 7B??=9>7 2581F9?B	 &1=5<I D85 1>D5>>15 1B5
ED9<9J54 6?B C5<53D9>7 7B??=9>7 C9D5C ?6 >5CD=1D5C 6?B 3?>
DB?<<9>7 D85 7B??=9>7 ?33EBB5>35 1>4 6?B @5BC9CD5>35 9>
7B??=9>7	
+85 1>D5>>15 4? >?D 1@@51B D? 25 >535CC1B9<I 5CC5>D91<
6?B D85 9>9D91D9?> ?6 =EDE1< 7B??=9>7 2581F9?B 2531EC5
=EDE1< 7B??=9>7 ?33EBB54 >?D ?><I 9> D5B=9D5C G9D8 1>
D5>>15 2ED 1<C? 9> D8?C5 G9D8?ED 1>D5>>15	 '> D85 ?D85B
81>4 D85 D5B=9D5 51DC 6?B597> CE2CD1>35C ?> D85 2?4I
CEB6135 EC9>7 7<?CC15 D81D 1B5 @1BD ?6 D85 <129E= ?>
G8938 F1B9?EC DI@5C ?6 C5>C9<<1 1B5 @B5C5>D /1>171G1
1>4 *89=9JE 
	 +8?E78 D85C5 C5>C9<<1 81F5 >?D 255>
5H1=9>54 @8IC9?<?7931<<I 9> D5B=9D5C C?=5 ?6 D85 C5>C9<<1
1B5 <9;5<I D? 25 385=?C5>C?BI 2531EC5 =1>I C@5395C ?6
9>C53DC 81F5 385=?C5>C?BI C5>C9<<1 ?> D85 =?ED8 @1BDC
*D59>2B538D 	 +8EC D85 C5>C?BI 9>6?B=1D9?> >535C
C1BI 6?B 9>9D91D9?> ?6 D85 7B??=9>7 =1I 3?=5 >?D ?><I
6B?= 1>D5>>1< C5>C?BI ?B71>C 2ED 1<C? 6B?= C5>C?BI ?B
71>C?>?D85B1@@5>4175CCE381C<129E=	
+85  9C 1 ;9>4 ?6 CE==1D54 @?D5>D91< D81D 9>3<E45C
B535@D?B @?D5>D91<C 1>4 13D9?> @?D5>D91< ?6 =1>I 1>D5>>1<
?<613D?BI B535@D?BC 5H39D54 2I ?4?B CD9=E<9	 C D85 ?4?B
CD9=E<9 EC54 9> D89C CDE4I ?B979>1D54 6B?= 3?>9491< CEC@5>
C9?>C D85I 1B5 =9HDEB5C ?6 F1B9?EC F?<1D9<5 CE2CD1>35C	
+85 ;9>4C 3?>35>DB1D9?> 1>4 3?=29>1D9?> ?6 D85C5 F?<1D
9<5 CE2CD1>35C =ECD 25 C@539693 D? D85 C@5395C ?6 6E>79	 !>
?EB 5H@5B9=5>DC D85 D5B=9D5 1>D5>>15 B5C@?>454 D? D85
?4?B ?B979>1D9>7 6B?= D85 6E>79 G9D8 C D81D G5B5 C@5
39693 D? D85 C@5395C ?6 6E>79 EC54 97EB5 
	 +85C5 B5CE<DC
C8?G D81D 1>D5>>1< ?<613D?BI B535@D?BC 31> 45D53D D85
?4?BC ?6 D85C5 6E>79 1>4 CE775CD D81D D85I =1I 81F5 129<
9DI D? 49C3B9=9>1D5 D85 C@5395C ?6 D85 6E>79 2I D859B
C@5395CC@539693 ?4?BC 1D <51CDC E>45B 5H@5B9=5>D1<
3?>49D9?>C	
C 6?B D85 2581F9?B1< B5C@?>C5C D? 6E>79 D5B=9D5C B5
=?F54 3?>9491 ?6 P. fumosoroseus # 1>4 B. brongniartii 

=?B5 B1@94<I D81> D8?C5 ?6 M. anisopliae  /1>171G1
5D 1<	 
	 H@?C9>7 D5B=9D5C D? 69<D5B @1@5B G9D8 6E>79
C8?G54 D81D D85 D5B=9D5C G5B5 31@12<5 ?6 49CD9>7E9C89>7
D85 D8B55 6E>79	 +85  B5C@?>C5C 9>3B51C54 G9D8 9>
3B51C9>7 3?>35>DB1D9?>C ?6 D85 CEC@5>C9?> 9> D85 B1>75
6B?= D?  3?>9491
=< +12<5 	 +85 45>C9DI ?6 M.
anisopliae 9> D85 C?9< B1>75 6B?= 	
 N  D? 	 N 
7
4B954 C?9< 9> "1@1> /179>E=1 	 +8EC D85 1>D5>>1<
?<613D?BI B535@D?BC ?6 D85 D5B=9D5 G?B; 56653D9F5<I G9D89>
D85 >?B=1< B1>75 ?6 3?>9491< 3?>35>DB1D9?> 9> C?9<	 !>
"<B?;.9<3!;@20A(062;02+<9H?A6092 -.;.4.D.2A.9





0<;A?<9A< Metarhizium anisopliae A< Paecilomyces fumosoros-
eus #
A< Beauveria brongniartii 5<?6G<;A.9/.?D6A5.??<D@B;12?
2.05?20<?16@A52@A6:B9.A6<;:.?8
1449D9?> 1C D85 $ ?6 M. anisopliae  G1C 	 N 
,C
=< G85> D85 D5B=9D5C G5B5 B51B54 9>49F94E1<<I
/1>171G1 1>4 *89=9JE 
 D85 9>4E3D9?> ?6 7B??=
9>7 2581F9?B =978D >?D 1<G1IC 45@5>4 ?> D85 B5C@?>C5
"<B?;.9<3!;@20A(062;02+<9H?A6092 -.;.4.D.2A.9


































Isolates Fungal discs Intake rate (%) Action of fungal suspention to termites












=17>9DE45 ?6 1>D5>>1< ?<613D?BI B535@D?BC @B?F9454 D81D
D5B=9D5C 45D53D D85 ?4?B ?6 6E>79	 EBD85B CDE4I 9C >55454
9> ?B45B D? 6E<<I 3<1B96I D85 9>9D91D9?> 1>4 3?>D9>E1D9?> ?6
D857B??=9>72581F9?B?6D5B=9D5C	
Acknowledgments
.5 D81>; D85 549D?B ?6 "?EB>1< ?6 !>C53D *395>35 1>4 DG?
1>?>I=?EC B5F95G5BC 6?B 7E941>35 1>4 3?==5>DC ?> D85
=1>EC3B9@D	 .5 D81>; (B?6	 +	 /1>171G1 9?CD1D9CD93C
5>D5B #EBE=5 ,>9F5BC9DI 6?B CD1D9CD931< 1>1<IC9C 1>4
"<B?;.9<3!;@20A(062;02+<9H?A6092 -.;.4.D.2A.9
"<B?;.9<3!;@20A(062;02HDDD6;@20A@062;02<?4 B	 /	 +1;5=1DCE 7B93E<DEB5 13E<DI /1=17E389
,>9F5BC9DI6?BCE@@<I9>7D85D5B=9D5C	
References
?E391C  *D?;5C  *D?B5I  (5>4<1>4 "	 	 +85 56653DC ?6 9=
9413<?@B94 ?> D85 D5B=9D5C Reticulitermes flavipes 1>4 9DC 9>D5B13D9?>
G9D8 D85 =I3?@1D8?75> Beauveria bassiana	 Pflanzenschutz-Nachr Bayer
 	
81>1B1:1> 	 	  AE1>D9D1D9F5 133?E>D ?6 D85 2581F9?B1< B5@5B
D?9B5 ?6 1 CE2D5BB1>51> D5B=9D5 Reticulitermes lucifugus F1B Santonensis
feytaud	 The Malayan Nature Journal   	
ECC>53;5B $ *=9D8   %ECD1B4 "	 
	 '3D?@1=9>5 1>4 DIB1=
9>5 9>6<E5>35 D85 2581F9?B1< @B?69<5 ?6 <?3?=?D?B 13D9F9DI 9> D85
8?>5I255	 Journal of Insect physiology 
  
	
 565DJ  *?B?;5B - 1829  %1<85B25 % B5C>51E 	 
	 +85
6B?>D 21C9D1BC1< 2BEC8 9> Pachycondyla apicalis 1>4 9DC B?<5 9> 8I4B?
31B2?>39B3E<1D9?>	 Chemoecology  
	
 E785C .'  9<5>25B7 " ??=C=1 ""	 

	 +B145?66C 9> 7B?E@ <9F
9>7 DB1>C=9CC9?> 1>4 49C51C5 B5C9CD1>35 9> <5163EDD9>7 1>DC	 Proceed-
ings of Royal Society of London, Series B: Biological Sciences 

	
 E>7 *+ ?E391C 	 
	 !>6<E5>35 ?6 Beauveria bassiana ?> D85 35<
<E<1B 4565>C5 B5C@?>C5 ?6 D85 255D 1B=IG?B= Spodoptera exigua	 J
Invertebr Pathol  
	
#B1== #) .5CD 	 
	 +5B=9D5 @1D8?75>C 56653DC ?6 9>75CD54
Metarhizium, Beauveria 1>4 Gliocladium 3?>9491 ?> G?B;5B D5B=9D5
Reticulitermes C@		 Journal of Invertebrate Pathology  	
%I<5C +	 

	 <1B= 77B571D9?> 1>4 565>C5 2I Reticulitermes fla-
vipes 9> )5C@?>C5 D? 1 &1DEB1<<I '33EBB9>7 !C?<1D5 ?6 Metarhizium




'8=EB1 . 'J1;9 % /1=1?;1 )	 
	 581F9?B1< 1>4 5<53DB?
@8IC9?<?7931< 9>F5CD971D9?> ?> D5CD B5C@?>C5 ?6 D85 D5B=9D5 Zoot-





)?C5>71EC ) +B1>95<<? "	 
	 9C51C5 CEC35@D929<9DI 1>4 D85 14
1@D9F5 >1DEB5 ?6 3?<?>I 45=?7B1@8I 9> D85 41=@G??4 D5B=9D5
Zootermophsis angusticollis	 Behavioral Ecology and Sociobiology 
	
**!>CD9DED5!>3 	 SAS 9.1.3 Service Pack 1	 **!>CD9DED5!>3	
*89=9JE * /1=1:9 %	 
	 6653D ?6 45>C9DI ?6 D85 D5B=9D5 Reticuliter-
mes speratus #?<25 !C?@D5B1 )89>?D5B=9D9415 ?> D85 CEC35@D929<9D
95C D? Metarhizium anisopliae	 Japanese Journal of Applied Entomology and
Zoology  
	
*D59>2B538D )	 	 '<613D?BI )535@D?BC	 !> 7E389  +?=9>171
/ 549D?BC	 Atlas of arthropod sensory receptors: dynamic morphology in rela-
tion to function@@		 *@B9>75B-5B<17	
*E> " EH1 ")  5>45BC?> 	 

	 *@?BE<1D9?> ?6 Metarhizium anisopli-
ae 1>4 Beauveria bassiana ?> Coptotermes formosanus 1>4 9> F9DB?	 Journ-
al of Invertebrate Patholology  	
-1B7? $  ECC5>545B  B135 "#	 
	 ?<?>I 1>4 @?@E<1D9?> 75
>5D93 CDBE3DEB5 ?6 D85 ?B=?C1> CE2D5BB1>51> D5B=9D5 Coptotermes




/179>E=1 #	 	 5D53D9?> ?6 6E>79 D? @5138 6BE9D =?D8 Carposina ni-
ponensis .1<C9>781= 6B?= C?9<	 Bulletin of Fruit Tree Research Station
 	 9>"1@1>5C5G9D8>7<9C8CE==1BI
/1=1J1;9 + &1B181C89 +	 	 +85 56653DC ?6 @?D1CC9E= 1>4 C?49E=
9?>C ?> D85 B5CD9>7 1>4 13D9?> @?D5>D91<C ?6 D85 3?3;B?138 791>D 1H
?>	 Journal of Insect Physiology  	
/1>171G1  *89=9JE *	 
	 565>C5 CDB1D57I ?6 D85 D5B=9D5 Cop-
totermes foumosanus *89B1;9 D? 5>D?=?@1D8?75>93 6E>79	 Japanese
Journal of Applied Entomology and Zoology  

	
/1>171G1  *89=9JE *	 
	 )5C9CD1>35 ?6 D85 D5B=9D5 Coptotermes for-
mosanus *89B1;9 D? Metarhizium anisopliae 4E5 D? 7B??=9>7	 BioControl

  	
/1>171G1  /?;?81B9  *89=9JE *	 
	 565>C5 =5381>9C= ?6 D85
D5B=9D5 Coptotermes formosanus *89B1;9 D? 5>D?=?@1D8?75>93 6E>79	
Journal of Invertebrate Pathology  	
"<B?;.9<3!;@20A(062;02+<9H?A6092 -.;.4.D.2A.9
"<B?;.9<3!;@20A(062;02HDDD6;@20A@062;02<?4 